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Endoscopic one-way endobronchial valves in the treatment of
persistent air leak with empyema
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Background: Persistent air leak complicated by empyema is a life-threatening condition especially in
patients with pulmonary emphysema. Surgical approaches are often disappointing and demolitive surgery
is often needed. Endobronchial valves have been successfully applied for persistent air leak but their use in
case of concurrent empyema has been reported in very few cases. We present a case series of six consecutive
patients with persistent air leak and empyema, successfully treated by endobronchial valves.

Methods: Bronchoscopic procedures included preliminary identification of the area of air leakage by
bronchial occlusion using a balloon catheter. The nitinol and silicon valves (Pulmonx®) were inserted by
means of flexible bronchoscopy in all cases. Chest drain was removed after negativity of microbiological essay
from pleural liquid.

Results: Four patients had severe emphysema with chronic respiratory failure and smoking history. One
patient was affected by rheumatoid arthritis and one had chronic heart failure and diabetes. Four cases were
postoperative air leakage after lung resection and two cases were due persistent spontaneous pneumothorax.
Empyema was mainly due to Acinetobacter baumannii or Pseudomonas aeruginosa or staphylococcus aureus.
Procedures were successful in every case. Air-leaks stopped in the first 24 hours after procedure in two
patients and within 7 days in the remaining cases. All patients were discharged within 3 weeks without
complications.

Conclusions: Insertion of endobronchial valves is a safe and effective method for treating persistent air

leak even during empyema in selected cases and especially for patient unfit for surgery.
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Introduction lung function (1).
. . . o In a small group of patients, persistent air leak can be
Persistent air leak is a common complication after lung group ot p ' P

resection and its incidence increases in patients with chronic complicated by the infection of pleural space creating an

obstructive pulmonary disease (COPD) and emphysema empyema (2). It is a dramatic complication, in particular
because of the frailty of lung tissues. It has a great impact on after lung resection, and its incidence increases in patients
patients and is still a challenge for surgeon because of the with comorbidity, diabetes and immunodeficiency (3).

risk of infections of the pleural space and the impairment of Minimal surgical approaches, ranging from surgical
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Figure 1 Radiographic evolution of empyema before and after valves placement. (A,B) CT scan at the empyema presentation; (C,D) two

months CT control after valves positioning.

resuturing to the apposition of biological glues, are often
disappointing and massive surgical approach, such as
open window thoracostomy and thoracoplasty, in case of
complicating empyema, are usually the unique possible
solutions (4-6).

Recently, endobronchial valves were successfully
employed even in cases of bronchopleural fistula and their
application is able to avoid surgical procedures and to
reduce costs of hospitalization (7-9).

In this study, we report a case series of 6 consecutive
patients affected by persistent air leak and empyema,
successfully treated by endobronchial valves.

Methods

Patients of this study were enrolled in two Italian centers
in the last four years. All patients had a persistent air-
leak (also called as pleuropulmonary fistula), defined as
communication between the pulmonary parenchyma and
pleural space that persists for more than 7 days despite
the constant drainage of thoracic cavity and in absence
of endobronchial visible lesion, and pleural empyema
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(infection of pleural space proved by microbiological
isolation of bacterial on pleural fluid and associate signs of
inflammation) (10). All patients underwent thoracic CT scan
to evaluate pleural space, parenchymal lesions, chest drains
position before treatment (Figure 14,B) and controlled by
thoracic CT scan after valves positioning (Figure 1C,D).

All patients had 1 or 2 chest drains with single or double
lumen, mainly depending by air leakage’s volume.

Endoscopic procedures were done by flexible
bronchoscopy under conscious sedation in all cases.
Bronchoscopy has the following targets: endobronchial
exploration in order to exclude bronchial lesions,
preliminary identification of the air leak and finally valves
placement.

An accurate bronchial exploration was finalized to
exclude bronchial fistulas in particular in patients that
underwent major lung resection.

Identifying the offending segment containing the
persistent air leak is the second critical step. It consisted
into a preliminary identification of the area of air leakage
by selective bronchial occlusion using a balloon catheter
(Chartis system-Pulmonx® or Fogarty catheters).
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Figure 2 Sequences of the endoscopic procedure. (A) Endoscopic measurement of bronchial size; (B) valve delivery; (C) valves into the

anterior segmental bronchus of the upper lobe and duckbill valve movement; (D) view at the end of endoscopic procedure.

The area of the air leak with the selective occlusion
is recognized, by inflated balloon catheter (Figure 24),
occluding before lobar bronchus looking for the reduction
of the air leakage on the water seal system and subsequently
into the segmental bronchi, to refine the identification of
the air leak site, if it is possible.

The reduction of air leakage during bronchial occlusion,
measured by the reduction of the bubbling in the water seal
chamber of chest drain connected to aspiration system at
-20 cmH,O0, indicate the area of the fistula.

After airway sizing (Figure 2B), unidirectional
endobronchial valves were deployed. In all cases treatment
consisted of unidirectional nitinol and silicone duckbill
unidirectional valves (Zephyr valves, Pulmonx®) insertion
by flexible bronchoscopy under conscious sedation, in all
case (Figure 2C,D).

Intravenous antibiotics were administered in all cases
and pleural irrigation with saline solution or intrapleural
antibiotic infusion was done in some cases, according to
the indication of infectious disease specialist. Chest drain
was removed after negativity of microbiological essay from
pleural liquid. Chest CT scan was performed 2-3 months
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after discharge (Figure I) .

Ethical approval has been obtained from the Ethical
institution of both centers and informed consent was
achieved from all patients.

Results

All patients of our series had a persistent air leakage despite
of conservative management. The entire population showed
comorbidities at diagnosis and four had moderate to severe
emphysema. The origin of leakage was surgical resection in
4 patients (in 3 cases lung cancer and 1 for suspicion of lung
cancer in patient with rheumatoid nodule). Two patients
had history of chronic use of steroids. Three patients were
referred from other centers after unsatisfactory treatments
for air leakage and worsening of clinical conditions.

Before the onset of empyema in two cases a surgical
attempt to identify and close of pleural fistula was
done with aerostatic local products. In all two cases the
videothoracoscopic approach was preferred and in all cases
air leakage persisted after surgery. At the moment of our
evaluation, four patients were not fit for major thoracic
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surgery or had high risks for general anesthesia. In two
cases talc slurry was done before endoscopic treatment. In
all case the surgical treatments as well talc pleurodesis were
disappointing. The timing of air leakage before endoscopic
approach was extremely variable, depending from time to
refereed patients from other centers, attempts of surgical
approaches and immediate availability of valves.

In all case bacterial empyema was identified.
Microbiological essays have shown the growing of
pseudomonas, staphylococcus and acinetobacter.
Intravenous antibiotics were administered in all cases and
only in one case intrapleural antibiotic infusion was done.
None of patient had radiological signs of pneumonia.
Only one patient had a clinical picture of sepsis and
microbiological cultures have shown Acinetobacter baumannii
and Pseudomonas aeruginosa growing into the pleural
fluid and only Acinerobacter baumannii into the blood and
urine. In this particular case, intravenous treatment with
antibiotics (colistine and meropenem) and intrapleural
antibiotic treatment only with colistine was promptly
started. None of patient need to intensive unit care and
mechanical ventilation. Three of patients need of high-flow
nasal cannula oxygen therapy.

Endoscopic procedures were done in all cases by flexible
bronchoscopic under conscious sedation and they were easy
and without complications.

The identification of the area of air leakage was
attempted by selective bronchial occlusion using a balloon
catheter, in three cases we used the Chartis system-
Pulmonx® and in three cases we used Fogarty catheters.
The identification was obtained in five cases.

The vales placement was performed in four cases in
the same endoscopic session. In two cases the treatment
was delayed to some days after. A mean of two valves were
placed. In two cases a lobar exclusion was done, all two
cases were patients with previous lung resection.

Procedures have successfully concluded in every case.
Air-leaks stopped in the first 24 hours after the procedure
in two patients and within 3 days in three cases in which
the air leak flow rate immediately decreased. Only in the
remaining case (were the identification of are air leakage was
uncertain) air leak stopped 7 days after valves deployment.

In 5 of cases lung completely filled and closing the
pleural space, in one case an incomplete lung expansion was
observed due to the basal pleural thickening and localized
pleural collection of air that required a more prolonged
drainage.

All patients were discharged within 3 weeks without
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complications.

Discussion

Persistent air-leak noted also as pleural fistula, is a clinical
condition due to an abnormal communication between the
pulmonary parenchyma and pleural space that persists for
>5-7 days despite the constant drainage of thoracic cavity.
Persistent air leak is associated with significant morbidity
and mortality, prolonged hospitalization and increased
health-care costs (1-3). It can arise from a number of
conditions, including pneumothorax, necrotizing infection,
trauma, malignancies, procedural interventions and
complications after thoracic surgery. Although conservative
management with prolonged chest tube drainage was the
treatment of choice, patients with a pulmonary air leakage
had increased complications, including ICU readmission,
pneumonia, and a longer hospital stay. In a small group
of patients, persistent air leak can be complicated by the
infection of pleural space creating an empyema (3). It is
a dramatic complication in particular after lung resection
and its incidence increases in patients with COPD and
emphysema because the frailty of lung tissues. This
situation represents a critical illness with high rate of
mortality. Moreover, patients often have severe comorbidity
and are not always suitable for major thoracic surgery. It
has a great impact on patients and is still a challenge for
surgeon because of the presence of infections of the pleural
space and the impairment of lung function. Finally, distal
parenchymal fistula adds further difficulty and can result
in a situation where recovery is impossible. Chemical
pleurodesis should not be performed, as it may result
in a lung that is unable to re-expand. Complications of
chemical pleurodesis include chest pain, fever, acute lung
injury, and empyema (incidence reported 1%) (5). Actually,
our case series shows the same epidemiological features.
All population had comorbidities and risk factors for air
leakage (2/3 of population had COPD and emphysema) and
for empyema (1/3 of patients shows diabetes and chronic
steroids’ use), finally in 1/3 of population talc pleurodesis
was attempted, probably itself cause of empyema (7).

In patients suitable for surgery, surgical approaches
are usually attempted and minimally invasive surgical
debridement of the pleural cavity was often associated with
parenchymal suture or with the application of aerostatic
products. The results are frequently disappointing and
air leakage often persists for long time and open window
thoracostomy is the only surgical solution, especially
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after major lung resections (4,5). Our cases confirm the
complexity of management and the variability to approach
the problem. Previous surgical procedures in our study were
unsuccessful and pleural leak persisted over time.

Recently, endobronchial valves were successfully
employed in cases of bronchopleural fistula. A lot of studies
have demonstrated as the valve treatment for persistent air
leaks is well tolerated and effective procedure and how the
reduction of hospitalization costs related to early resolution
of air-leaks could overcome the procedural cost (7,9,11,12).
A small number of studies reported, also in children, cases of
necrotizing pneumonia therapy-refractory or cavitary lung
infection, associated to persistent air leak despite prolonged
chest tube placement and multiple pleurodesis attempts
(13-15) successfully treated by endobronchial valves.

At our best knowledge, only few anecdotal studies
reported the successful treatment of valves in case of
persisting air leaks in patients with severe pleural empyema.
Schweigert ez al. reported the successful valves application
in parapneumonic pleural empyema in two patients who
suffered from a pleural empyema and because of severe
comorbidity were not fit for major thoracic surgery (16) and
we have already reported our first case in 2015 (17). The
low rate of cases in literature may be due to the relative rare
condition and maybe on the supposition that implant of
endobronchial devices during infection can be dangerous
for the risk of colonization of devices and of needing of
a surgical approach. Actually, in the largest part of cases,
valves positioning had represented the “last chance” of
cure in which conservative was unsuccessful and surgical
approaches impossible (18,19).

Our population suffers from same conditions, a large
part was not fit for thoracic surgery and the other part had
experienced the failure of both surgery and conservative
treatments.

As reported in all reports (6) the valves placement is
simple and without complication. On the other side, the
identification of site of air leak can be problematic and
in some cases, it is impossible recognizing the lung area
that should be excluded by valves. This may be due to the
presence of collateral intralobar or interlobar ventilation
or for the presence of double or multiple site of air leak
9,11,12).

Particular attention must be given to the patients’
selection. We consider the last two aspects very important:
because the high probability of valves blockage during
pneumonia increase the risk of impairment and to develop
lung abscess, secondly the incomplete fill of chest cavity
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reflects the thickness of visceral pleura and this condition
hinders the healing of parenchymal fistula and it favors the
persistence of empyema. In this last case, surgical approach
could be mandatory.

Conclusions

Persistent air leak complicated by empyema is a challenge
that often occurs in medically compromised patients.
They may persist despite multiple interventions, even after
surgical approaches. Our experience shows that in selected
cases, endobronchial valves can be a useful tool for thoracic
surgeon for the treatment of persistent air leak even in case
of empyema and especially for patient unfit for surgery.
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